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The impact of isolated lesser saphenous
vein system incompetence on clinical signs
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Purpose: The purpose of this study was to determine the patterns of isolated lesser saphe-
nous vein (LSV) system incompetence and correlate the distribution and extent of such
reflux with symptoms and signs of chronic venous disease (CVD).
Methods: During a 3-year period, 2254 limbs in 1682 patients with signs and symptoms
of CVD were evaluated with color flow duplex scanning. Extremities with isolated reflux
in the LSV system were selected for this study. Limbs with perforating venous reflux
connected to this system only were also included. Limbs that had marked reflux in the
greater saphenous or deep vein, that had a documented history of deep venous throm-
bosis, and that previously underwent surgery or sclerotherapy were excluded. The clin-
ical severity of the limbs was graded with the CEAP classification system.
Results: There were 226 limbs in 200 patients with reflux in the LSV system; 61% were
female patients with a mean age of 49 years (range, 18-82 years). There were 174 patients
(87%) with unilateral and 26 with bilateral disease, and 41% of the limbs belonged in
CVD class 2, 26% in class 3, 12% in class 4, 3.5% in class 5, and 3% in class 6. Classes 0
and 1 were present in 14.5% of the limbs. Symptoms were present in 139 limbs (61.5%).
Some degree of ache or burning sensation was the most frequent symptom (41%), fol-
lowed by itching (32%), heaviness (29%), cramps (24%), and restless limbs (18%). Reflux
in the main trunk of the LSV was the most prevalent (177 limbs [78%]), followed by the
saphenopopliteal junction (146 limbs [64.6%]), the vein of Giacomini (39 limbs [17%])
and the gastrocnemial vein (23 limbs [10%]). Reflux involving both the saphenopopliteal
junction and the LSV was seen in 50% of limbs, but almost any other combination of
reflux was present, which indicated the complexity of this system. Perforator vein incom-
petence was detected in 56 limbs (25%). We found 83 perforator veins, resulting in a
mean of 1.5 veins per limb. Both the number of incompetent perforator veins and the
extent of superficial reflux correlated with clinical severity. Four main types of termina-
tion of the LSV were identified with at least nine variations. The LSV was duplicated for
at least half of its length in five limbs (2.2%). Nonsaphenous reflux was detected in seven
limbs (3.1%). Superficial vein thrombosis in the LSV system was found in eight limbs
(3.5%), and in the gastrocnemial vein it was found in four (1.8%).
Conclusions: Isolated LSV system incompetence can cause the entire range of signs and
symptoms of CVD. Clinical deterioration is associated with a longer extent of reflux and
perforator incompetence. Classes 2 to 4 are the most frequent clinical presentations,
whereas classes 5 and 6 are uncommon. The complex anatomy of this system and the
great variation in the patterns of reflux warrant the use of color flow duplex scanning
before planning treatment. (J Vasc Surg 2000;32:954-60.)
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The lesser saphenous vein (LSV) and its tributaries
drain the subcutaneous tissues and skin of the heel and
posterior aspect of the leg. The LSV has variable
anatomy and connects with the greater saphenous vein
(GSV), the deep veins, and the muscular vein at vari-
ous levels.1-10 After the elegant work of Giacomini1 in
1873 and Kosinski2 in 1926 performing cadaveric dis-
sections of the LSV, subsequent phlebographic and
duplex scanning studies enhanced our knowledge of
the anatomy and function of this system.3-10
Despite the numerous reports on the LSV, the
complex anatomy and insufficient knowledge of
many physicians who treated these veins have led to
high rates of recurrent or residual varicosities.11-13
Incompetence of the LSV system has been associat-
ed with the entire spectrum of signs and symptoms
of chronic venous disease (CVD), including ulcera-
tion.8,14 However, previous reports had a small sam-
ple size, had selected patients, and did not examine
all veins in the lower limbs.
Color flow duplex scanning (CFDS) is superior
to venography in detecting the pattern and extent of
venous reflux.15-17 It accurately identifies the
anatomic patterns of LSV termination5-10 and has
become the first line of investigation in patients with
CVD.18-20 This study was designed to correlate the
patterns of reflux in the LSV system with the signs
and symptoms of CVD.
METHODS
During a 3-year period, 2254 limbs in 1682
patients with signs and symptoms of CVD were eval-
uated with CFDS to determine the distribution and
extent of reflux and obstruction. Limbs with isolat-
ed reflux in the LSV system were selected for this
study. The LSV system was defined as the LSV and
its tributaries: the Giacomini, gastrocnemial, and
perforating veins that are connected with this sys-
tem. Some other veins that are separate to the LSV
system but could be mistaken during the clinical
examination as part of this system were also includ-
ed. Limbs that had marked reflux in the GSV or the
deep vein, that had a documented history of deep
venous thrombosis, and that underwent previous
surgery or sclerotherapy were excluded.
Patients were evaluated with CFDS while in
upright and semierect positions. When the LSV
extended into the thigh, the patients were placed in an
upright position facing away from the examiner. Linear
array transducers of 5 to 10 MHz were used for most
patients, and 2- to 3-MHz transducers were used only
in a few obese patients. The GSV, LSV, femoro-
popliteal veins, deep calf veins, muscular veins, and
perforator veins were studied in all patients. Particular
attention was paid in the anatomy to the LSV and its
connections with the GSV, gastrocnemial veins, deep
veins, and associated perforator veins. All investigators
were trained by the first author, had at least 3 years’
experience in the imaging of the lower limb veins, and
used the same protocol for evaluating venous reflux
and obstruction. To simplify the results of this study,
we defined the termination of the LSV in the gastroc-
nemial or the superficial femoral vein as a
saphenopopliteal junction (SPJ). Any other extension of
the LSV in the thigh that joined the superficial or mus-
cular vein was termed a Giacomini vein.
Because the presence or absence, not the dura-
tion, of reflux was of interest, manual compression
with sudden release was used to induce reflux.21
Retrograde flow lasting more than 0.5 seconds was
used as the cutoff value for reflux.22 Patients’ signs
and symptoms were recorded, and each limb was
classified with the CEAP system.23
Statistical analysis was performed with the χ2
test, descriptive statistics, and 95% CIs. Statistical
significance was set at 0.05.
RESULTS
There were 200 patients, including 122 female
patients (61%) with a mean age of 49 years (range, 18-
82 years). Unilateral disease in the LSV system was
detected in 174 patients (87%) and bilateral disease in
26, resulting in 226 of 2254 limbs evaluated (10%).
There were another 103 limbs (5.6%) with reflux in
both the GSV and the LSV and 53 limbs (2.3%) with
reflux in the deep veins and the LSV with or without
involvement of the GSV. Therefore, the overall preva-
lence of LSV reflux was 18%. The distribution of limbs
in each CVD class is shown in Table I. Classes 2 and 3
were significantly more prevalent than any other class
(P < .0002). Classes 5 and 6 were found in 6.6%.
Conversely, of all limbs with ulcers (271 of 2254), iso-
lated LSV system reflux was responsible in 5.5%. Limbs
in class 0 were identified in patients who presented with
heaviness or burning sensation. Symptoms of CVD
were present in 139 limbs (61.5%). Some degree of
ache or burning sensation was the most frequent symp-
tom (41%), followed by itching (32%), heaviness (29%),
cramps (24%), and restless limbs (18%). Although the
severity of symptoms was not graded by a numeric
scale, it was apparent that symptoms increased with the
severity of CVD. For example, pain, itching, and burn-
ing sensation was significantly more often present in
CVD classes 4 to 6 compared with classes 0 to 3
(31/42 [74%] vs 96/184; P = .017).
All the limbs had primary disease because limbs
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with previous thrombosis or even with reflux in the
deep veins were excluded from the study. There
were no limbs with congenital disease. According to
CEAP classification, all limbs had only primary eti-
ology. Anatomically, only the superficial, perforat-
ing, and gastrocnemial veins were involved. In terms
of pathophysiology, only reflux was present. 
The distribution and extent of reflux in each vein
are listed in Table II, and their overall involvement is
listed in Table III. Of the individual-named vein seg-
ments, the main trunk of the LSV had the highest
prevalence of reflux, followed by the SPJ. Reflux in
both the SPJ and the main trunk of the LSV was the
most common pattern (P < .0001). In 35.4% of limbs
the SPJ was normal. Almost any possible combination
of reflux among the different segments was found.
Perforator vein incompetence was detected in 56 limbs
(25%). The number and location of incompetent per-
forating veins in each CVD class are shown in Tables
IV and V. The middle calf was the most prevalent area
(48%, P < .0006). The largest diameter was found in
the perforator of May, which connects the medial gas-
trocnemial vein with a tributary of the LSV at midcalf
(mean diameter, 4.2 mm; range, 2.3-11 mm; 95% CI,
3.86-4.54). The number of incompetent perforating
veins was significantly higher in classes 4 to 6 com-
pared with classes 0 to 3 (P < .0001). The extent or
reflux and the number of sites involved were associat-
ed with the severity of CVD. Limbs in CVD classes 4
to 6 had at least two or more venous segments with
reflux compared with classes 0 to 3, which rarely had
reflux in more than two segments (36/42 [86%] vs
19/184 [8.5%]; P < .0001). 
Four main types of LSV termination were identified
with at least nine variations (Figure). The connections
included the medial gastrocnemial vein; the popliteal
vein; the superficial femoral vein; the deep femoral vein;
the main trunk of the GSV at lower, middle, and upper
thigh; veins of the thigh muscles; tributaries of the pos-
Table I. Severity of CVD in limbs with LSV system incompetence
CVD class No. of limbs %
0: No visible or palpable signs of venous disease 11 4.9
1: Telangiectases, reticular veins, malleolar flare 22 9.7
2: Varicose veins 92 40.7
3: Edema without skin changes 59 26.1
4: Skin changes ascribed to venous disease 27 11.9
5: Skin changes as defined above with healed ulceration 8 3.5
6: Skin changes as defined above with active ulceration 7 3.1
Total 226 100
Class 2 or 3 versus any other class, P < .0001; class 2 versus 3, P = .0004; class 4 versus 5 and 6, P = .07.
Table II. Patterns of reflux in the LSV system
Pattern of reflux No. of limbs %
Giac 7 3.1
Giac + LSV 10 4.4
Giac + SPJ + LSV 20 8.8
Giac + SPJ + LSV + GV 2 0.9
SPJ 4 1.8
SPJ + LSV 112 50
SPJ + GV 4 1.8
SPJ + LSV + GV 5 2.2
LSV 34 15
LSV + GV 4 1.8
GV 8 3.5
Tributaries 9 4
Non-LSV 7 3.1
Total 226 100
SPJ + LSV vs any other pattern, P < .0001.
Giac, Giacomini vein; GV, gastrocnemial vein; LSV, lesser saphe-
nous vein; non-LSV, veins separate to LSV system; SPJ,
saphenopopliteal junction.
Table III. Overall involvement of each vein seg-
ment in the LSV system
Vein segment No. of limbs %
Giacomini vein 39 17.3
SPJ 146 64.6
LSV 177 78.3
Tributaries 204 90.3
Gastrocnemial veins 23 10.2
Perforating veins 56 24.8
Table IV. Number of IPVs
CVD class No. of limbs No. of IPVs No. of IPVs per limb
0 0 0 0
1 1 1 1
2 16 18 1.28
3 15 20 1.33
4 14 23 1.64
5 5 8 1.8
6 5 9 2.4
Total 56 83
Class 4, 5, or 6 versus 0, 1, 2, or 3, P < .0001.
IPVs, Incompetent perforating veins.
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terior and lateral thigh; and veins in the gluteal and vul-
var area. Intersaphenous tributaries at the middle and
lower calf provided connections between the GSV and
the LSV. The LSV was duplicated from the popliteal
skin crease to at least the middle of the calf in five limbs
(2.2%). Nonsaphenous reflux that could be mistaken
during the physical examination as LSV reflux was
found in seven limbs (3.1%). These veins included sci-
atic nerve vein (n = 3), vein of the popliteal fossa (n =
2), and lower posterior thigh perforating vein (n = 2).
Evidence of previous thrombosis in the LSV sys-
tem was found in 12 limbs (5.3%). These segments
included the main trunk of the LSV (n = 6), tribu-
taries of the LSV (n = 2), and the gastrocnemial vein
(n = 4). In all of the above occasions, the vein seg-
ments involved were partially recanalized. 
DISCUSSION
Dodd24,25 was the first to show an association
between LSV incompetence and signs and symptoms
of CVD. The LSV system incompetence was deter-
mined with the backbleeding test or retrograde injec-
tion during surgery. Although he did not state this, it
is clear from the published photographs that such
patients could present with large varicosities and even
with ulceration. These papers were mostly focused on
the anatomy and surgery of the LSV system, and no
information was given about the rest of the veins.
Subsequent reports related symptoms and signs with
reflux in these veins, but the sample size was small,
other veins had reflux as well, or the examination from
the rest of the limb was not mentioned.8,10,14,20,26,27
In the current study, most patients presented with
varicose veins or edema. These two clinical classes rep-
resent most patients with CVD. Similar findings have
been found in consecutive patients visiting vascular
clinics in selected series and even in patients with post-
thrombotic limbs.8,28-31 Skin changes were present in
12% of limbs. Healed or active ulceration was found in
6.6%, whereas among all ulcerated limbs, isolated LSV
system reflux was detected in 5.5%. In a consecutive
series of 232 ulcerated limbs, Darke and Penfold32
identified 10 limbs (4.3%) with isolated LSV incompe-
tence. This prevalence is comparable to our study (P =
.67) even though they might have underestimated the
prevalence of the LSV because they examined the
patients with continuous wave Doppler scan or venog-
raphy. Five years later the same investigators suggested
that all limbs with reflux in the popliteal fossa should
be examined with CFDS because continuous wave
Doppler scan is not adequate.33 Bass et al14 reported
20 limbs with an ulcer in the lateral malleolus with
LSV reflux. This represented 5% of ulcers seen in the
venous and lymphatic clinic. In that study however,
the deep (with the exception of popliteal) and perfo-
rating veins were not evaluated. Also, a history of deep
LSV system. The LSV terminated within 5 cm above the
popliteal skin crease in 61% of limbs. It continued higher up
in the thigh joining GSV and superficial femoral, deep
femoral, muscular, vulvar, and gluteal veins with or without
an SPJ present in 32%. Connection with popliteal vein was
present overall in 76%. In 7% of limbs it joined gastrocnemi-
al veins and united with popliteal vein at usual level. There
were at least three types of connection with gastrocnemial
vein. Most common connection between GSV and LSV at
calf was through a posteromedial tributary coursing from
medial knee or upper medial calf (GSV site) to posterior
middle calf (LSV site). Duplication of LSV was rare (2.2%).
Table V. Location of IPVs
Location No. %
Lower thigh 4 5
Popliteal fossa 5 6
Upper calf 10 12
Middle calf 40 48
Lower calf 17 21
Ankle 7 8
Total 83 100
Number of IPVs in the middle of the calf versus any other loca-
tion, P < .0006.
IPVs, Incompetent perforating veins.
JOURNAL OF VASCULAR SURGERY
958 Labropoulos et al November 2000
venous thrombosis and post-thrombotic luminal
changes were not reported. In a series of 95 ulcerated
limbs, only two (2.1%) had isolated LSV reflux,
whereas the LSV was involved in 32.6% of limbs.34
Thus, it would appear that ulceration due to LSV sys-
tem involvement alone ranges from 2% to 5.5%. The
prevalence of skin changes is near 12%, but there are
no other studies to support this. The prevalence of
ulceration is higher when reflux is present in the GSV
and the LSV or in superficial and deep veins compared
with isolated reflux in the LSV system. At least four
studies have shown this, and therefore, such a com-
parison was not attempted in this article.8,20,29,34
Various patterns of incompetence were found in
the LSV system. Reflux in tributaries of the LSV sys-
tem was present in 90% of limbs and in the main trunk
of the LSV in 78%. Other studies have shown that trib-
utaries of the saphenous veins are almost always
involved in patients with CVD.35-37 Reflux in both the
SPJ and the LSV was the most frequent pattern (50%).
However, 35% of limbs had no SPJ reflux. At least two
other studies have made this observation.38,39 Similar
findings have been seen in the SFJ,38,39 which provides
an explanation as to why saphenous stripping has bet-
ter results compared with ligation.40-42 Isolated reflux
in the Giacomini vein was detected in 3% of limbs, and
its overall involvement was 17%. In two cases, SFJ
reflux was directed into the LSV through the
Giacomini vein, whereas the GSV system was normal.
Surgery without CFDS could have led to an unneces-
sary removal of the GSV.
Gastrocnemial vein reflux was present in 10% of
limbs. Incompetence in these veins has been report-
ed in several studies with a prevalence ranging from
10% to 29%.27,43-46 Most studies have found a
prevalence of 10% to 15%. At least three reports have
suggested ligation of the gastrocnemial veins when
incompetent.27,43,44 None of these studies objec-
tively documented the correction of reflux and func-
tional improvement of the limbs. 
Perforator vein incompetence was detected in
25% of limbs. The number of perforating veins
increased with the severity of CVD. This is in agree-
ment with other studies that included reflux in any
lower limb vein.47-50 Although the relative impor-
tance of perforator vein incompetence has not been
determined by definitive trials, there is some evidence
to support its role.50-52 In the current study 10 of 15
limbs in classes 5 and 6 had at least two incompetent
perforator veins. In a class 6 limb, the perforator of
May had reflux for more than 5 seconds and a diam-
eter of 7.3 mm. Reflux was found in the medial gas-
trocnemial vein exiting through the perforator vein
to the LSV from midcalf to ankle. Ligation of the
perforator vein and excision of the incompetent LSV
segment and tributaries healed the ulcer. This patient
has had no ulcers for the last 3 years. 
Typical symptoms of CVD were present in 61% of
limbs. The remaining limbs had signs of CVD but
were asymptomatic and were treated mostly for cos-
metic reasons. Symptoms were more often present
when more than one venous site was incompetent.
The severity of symptoms was not graded on a numer-
ic scale, but more symptoms were present when the
extent of reflux was longer and many venous sites
were involved. In a recent cross-sectional population
survey the symptoms in patients with varicose veins
were thought to be of nonvenous origin.53 Although
there was some association between trunk varices and
symptoms, which was more common in female than
male patients, the level of agreement was too low to
be relevant in clinical practice.
Four main types of LSV termination were identi-
fied with at least nine variations. Most of these vari-
ations were identical to those described in cadaveric
studies in 51 limbs by Giacomini1 and in 124 limbs
by Kosinski.2 The LSV was duplicated in 2.2% of
limbs. Nonsaphenous reflux in the posterior lower
thigh and popliteal fossa was found in 3.1% of limbs.
The previous findings indicate that as many other
reports have suggested that CFDS should be per-
formed before intervention.3-11,13,33,38
CONCLUSIONS
Isolated reflux in the LSV system is associated with
a wide range of signs and symptoms of CVD. Patients
present most frequently with CVD classes 2 to 4,
whereas classes 5 and 6 are uncommon. Deterioration
of CVD is associated with a longer extent of reflux, the
number of venous sites involved, and perforator
incompetence. Reflux in both the SPJ and the LSV is
found in 50% of limbs and is the most common pat-
tern of incompetence. The complex anatomy of this
system and the great variation in the patterns of reflux
warrant the use of CFDS before planning treatment. 
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Dr Frank T. Padberg (East Orange, NJ). I am deeply
thankful to the program committee for both the opportu-
nity to discuss this excellent manuscript and to serve as the
final discussant at what I think has been an excellent meet-
ing of the American Venous Forum. I would like to thank
the authors for an advance copy of the manuscript. 
Dr Labropoulos has again applied his energetic expertise
to a duplex-based survey of isolated lesser saphenous incom-
petence. The data add precision to the report on ulcerative
complications of lesser saphenous incompetence and ulcera-
tion presented to this organization in 1996 by Pass. Limbs
with truly isolated lesser saphenous vein reflux were selected
by excluding deep and greater saphenous vein reflux sources
and prior deep vein thrombosis. This purity of selection
allows for a very straightforward CEAP classification and
should be included in the manuscript and probably in the
presentation. The clinical 0 to 6 etiology in each of these is
primary; the anatomic is lesser saphenous and nothing else.
The pathophysiology is reflux, and thus we are really look-
ing at a very small tight subset and can probably make some
conclusions about what this may associate with.
There are several major strengths to this submission.
Duplex survey of course was comprehensive and led to the
exclusion of reflux and obstructive disease from other areas
surveyed, except perhaps areas that are less accessible or less
well studied by duplex such as the proximal, suprainguinal
venous channels as described earlier by Ralph DePalma in
his experience. The team of examiners is thorough, well
trained, and experienced. The article is comprehensively ref-
erenced including data from the definitive anatomic studies
of the early 20th century. Analysis was correlated to clinical
class and other symptoms of chronic venous disease. 
I have several minor weaknesses to bring to your atten-
tion. The duplex survey technique is less accurate for the
proximal, suprainguinal venous disease, and this was not
addressed. The title is misleading. The “impact on” implies
causality that cannot be inferred from an observational
study even when done as well as this one. Dr Labropoulos
clearly demonstrated an association between CEAP clinical
class and symptoms. Although the definitions of perforator
identification and incompetence are less critical to this
manuscript than others, they should be precisely defined,
since there is no one description or definition that all of us
would agree is universally accepted. The survey of symp-
toms was typical for predominance of C2 limbs; however,
they have not defined whether these were systematically
solicited from each patient or whether they were recorded
as random complaints. Skin changes noted refer only to
clinical class 4 patients, yet most of the class 5 limbs will
also have substantive pigmentation and subcutaneous
changes. If these are included, the incidence of skin
changes rises from 12% to 18% in the overall group. 
I have five questions. First, please explain the use of the
C 0 to 1 category. Are we to assume that these patients had
reflux that was identified only by duplex and had no clini-
cal findings of less saphenous incompetence? Two, define
perforator incompetence. Three, although you defined
“marked” as opposed to other deeper greater saphenous
vein reflux, most of us have been using a criteria of 0.5- or
1-second duration as the criteria for deep venous reflux.
Why this selection, and how might this have affected your
results? Fourth, would the authors consider deleting
“impact” from their title and adding the descriptive phrase
“duplex survey” to eliminate the implication of causality
and emphasizing the associations they have described?
Fifth, could any of these have had proximal occlusion that
we simply could not evaluate a good duplex survey?
Thank you very much.
Dr Nicos Labropoulos. Thank you, Dr Padberg, for
your insightful discussion and comments.
Chronic venous disease classes 0 and 1 were from
patients who presented to the clinic with symptoms of
ache, heaviness, and burning sensation. These patients
were sent to the vascular lab to rule out venous disease in
their extremities. Some of these patients had reflux in the
lesser saphenous vein system and therefore were included
in the study. Reflux was defined as retrograde flow of
greater than 0.5 seconds. Although there are no specific
criteria for perforator incompetence, we accepted the
same cutoff value that is a net outward flow of greater
than 0.5 seconds. Significant reflux in the deep veins and
greater saphenous vein was considered at greater than 2
seconds. We excluded such patients because we wanted to
see the influence of the LSV system alone.
We could probably change the term impact with asso-
ciation, but it would not make any difference. In the
absence of venous disease these patients would not have
such signs and symptoms.
Patients with deep venous thrombosis were excluded
from the study. It is very unlikely that proximal obstruc-
tion was missed because the investigators have a docu-
mented experience in this field.
DISCUSSION
